Background: Urban food production in the developed world has recently been facing the challenge of feeding the world's cities adequately and on a sustainable basis, and innovative models of food production can help this transition. Nevertheless, this field of research largely focuses on primary food production-so-called urban farming-while the subsequent steps of the food chain have scarcely been investigated. In this context, this study aimed to provide a preliminary evaluation of urban food processing, taking mozzarella cheese production in the city of Milan as a case study. Methods: Five urban farmers participated in a direct survey aiming at identifying how sustainable this specific production chain can be considered. Results: Results demonstrated that the concept of urban food production is really valorized through measures able to enhance the global sustainability of the food production process only in some of the dairy micro-enterprises and that the economic dimension must be considered the variable most critically involved in hampering the global sustainability of this specific food chain. Conclusions: This research suggests the need to disseminate a global governance of urban supply chains and to support local activities, which represent a sensitive and strategic sector.
Introduction
The ability of urban food systems to implement innovative ways of organizing the food chain, to achieve shared goals of sustainability and social inclusion, is an emerging issue in recent years [1, 2] . Urbanization is a rapidly growing global trend, since an estimated sixty-eight percent of the world's total population will live in cities by 2050 [3] . The consequences of urbanization will necessarily include the challenge of feeding the world s cities adequately and on a sustainable basis and will thus require changes in the socioeconomic and environmental asset of urban food production and consumption, including measures for food and nutrition security [4, 5] . Starting from the assumption that food is normally produced outside city limits, a recent study commissioned by the European Commission [6] attested to the emerging role of cities in introducing innovative strategies along the food supply chain for sustainable and healthy production, delivery, and consumption of food in cities. Through the analysis of some case studies, the same report mapped innovative solutions for sustainable and healthy production, delivery, or consumption of food in cities, concluding that the ambition is to develop holistic strategies that encompass and integrate all the areas of work related to food, social economy, environment, and health. Thus, the interest of the scientific community is moving toward the goal of studying this innovative form of production and marketing of food products in cities [7] [8] [9] [10] .
Materials and Methods
A total of seven micro dairies were identified in the city of Milan, but only five urban farmers had the production of mozzarella cheese as their core activity and agreed to participate in the study. During the first part of the analysis, data were collected through a direct survey, using an ad hoc questionnaire intended to gather information on sustainable production variables. The second part of the study focused on a more empirical evaluation of the product and considered issues regarding food safety, consumer preference, and the analysis of the aromatic profile of mozzarella cheese produced by the urban micro dairies.
Characterization of the Micro Dairies Investigated
The five micro dairies that participated in the study were characterized mainly by evaluating the following: (i) the distance between farm and micro dairy (milk delivery), (ii) the quantities of milk managed (ton/day), (iii) the quantities of mozzarella produced (kg/day), and then (iv) the management of by-products and wastewater disposal. The characterization shows that, in four cases, the distance between the farms and the micro dairies is between 30 and 50 km, except for one where the kilometers are over 250 km, specifically 920 km. In regard to the quantities of milk managed, all the micro dairies are in a range between 6 and 10 tons/day, while the quantities of mozzarella produced are within a range of 20-40 kg/day. Instead, as for waste management in the micro dairies, the investigation showed that the main by-product of milk processing is whey, which, in accordance with the EU regulations in force (2017/1017/EC), can be reused for animal feed. In fact, as also described by other authors [30] , the use of different by-products from the agrifood chain, including dairy by-products for feeding farm animals, is already a traditional practice in animal husbandry. Even though it has always been implemented by the processing industry, the "good practice" of reuse of resources still suitable for animal feed currently has a significant impact on the issue of "sustainability of supply chains".
The last topic evaluated to characterize the sustainability of the micro dairies analyzed was wastewater disposal. In our case study, they are micro dairies in the Lombardy territory-the Lombardy Region has published Regional Regulation No. 6 of 29 March 2019, in the Official Bulletin regarding the discharge of urban and domestic wastewater in which, for small agrifood companies belonging to the dairy sector with a production of wastewater not exceeding 20 mc/g, disposal is assimilated to domestic wastewater, hence resulting in a lower environmental impact compared to the intensive dairy industry, also taking into account that lower production volumes require less use of water resources.
Sustainability Related Variables
The questionnaire was structured with questions regarding the three main pillars of sustainable production, composed of environmental, social, and economic aspects. Table 1 presents the list of the variables used and the scores assigned for the construction of the indices. The environmental dimension of sustainability was evaluated by considering the following variables: distance from milk production, raw material, organic and typical. The first variable accounts for the length (in kilometers) of the route that milk needs to cover to reach the urban production site. Consequently, this variable relates to the concept of "zero miles" production and the related benefits in terms of greenhouse gas Sustainability 2020, 12, 682 4 of 13 emission reduction. The variable raw material describes the nature of the primary product used by micro dairies to make mozzarella cheese and can be considered a good proxy for the estimation of the level of wholesomeness of mozzarella cheese. Indeed, the artisanal and traditional mozzarella-making process is normally performed by using raw milk as a primary product, further transformed into mozzarella cheese by the cheesemaker. Nevertheless, in some of the micro dairies sampled, the raw material was not the milk itself, and consequently this variable has been included to take into account this specific aspect. In addition, a variable concerning the use of organic methods of milk production named "organic" outlines the environmental impact of the production process, while the variable "typical races" highlights the presence of a strong link with tradition and the intention to valorize local inheritance. The whole set of abovementioned variables was used to compute the environmental index, based on the sum of the scores for the variables, and then normalized for analytical purposes (Index normalization: (Ii − Imin/Imax − Imin).
The social dimension of sustainability was estimated through the variables food experience, presence of restaurant, and social media. Food experience is described as the possibility to see the live experience of mozzarella making. Some urban cheese factories offer this opportunity to customers, with the specific aim of increasing their knowledge of traditional food production processes and, more importantly, as a chance for urban customers to get closer to rural culture and customs. This intention of involving customers in food-related activities is also represented by the variable presence of restaurant, which represents the possibility for customers to consume cheese-based dishes directly on site, thus emphasizing the freshness attribute of the food products sold. Finally, the variable social media relates to the use of social-media tools to promote the cheese factory activities and engage urban customers. Social media were selected amongst other different marketing strategies because of the inner nature of these innovative tools, able to enhance social involvement through interactivity. The above variables were used to compute the social index, based on the normalized sum of the scores for each variable. The economic dimension of sustainable mozzarella cheese production was evaluated by collecting data on market prices. The current value in Euro per kilo for each micro dairy was then compared with the average mozzarella price in Milan in the same period, gathered from official databases. Finally, the percentage difference between the two values (micro dairy vs. average mozzarella price) was used as a proxy of economic sustainability, since the affordability of urban food production has been considered the most relevant element to be evaluated. The economic index was then calculated by assigning a score ranging from 0 to 3 (Table 1) , accounting for the price difference, which is subsequently normalized.
Food Safety Analysis
A sample of 2 kg of mozzarella cheese (125 g size) was collected from each urban dairy farmer. The purchase of samples was carried out the day before microbiological analysis, and all samples were kept at a temperature of 4 • C (±2 • C) during transport and storage. The microbiological analyses focused on pathogenic microorganism markers (Listeria monocytogenes and Salmonella spp.). The detection of L. monocytogenes (analytical unit: 25 g) was performed according to AFNOR BRD 07/4-09/98. Salmonella spp. detection (analytical unit: 25 g) was carried out by using UNI EN ISO 6579: 2008. Moreover, hygienic markers were enumerated, specifically Escherichia coli, mesophilic aerobic bacteria, coagulase-positive staphylococci, and Bacillus cereus. In regard to Escherichia coli, Mesophilic aerobic bacteria and coagulase-positive staphylococci were enumerated by using 3M ™ Petrifilm ™ in accordance with the following methods: AFNOR 3M 01/08v06/01, AFNOR 3M 01/1-09/89 and AFNOR 3M 01/9-04/03, respectively, while Bacillus cereus parameter was enumerated according to UNI EN ISO 7932:2005.
The results obtained from the microbiological analyses were compared to the food safety standards developed by the Interdepartmental Research and Documentation Centre of Food Safety (Ce.I.R.S.A,)
for the category "Pasteurized cheese or submitted to heat treatment at a higher temperature". The Ce.I.R.S.A guidelines ( Table 2 ) provide, based on the level of contamination detected, four categories of microbiological quality (satisfactory, acceptable, unsatisfactory, and potentially damaging), each of which correspond to specific actions to be adopted according to the European Regulation CE 882/2004. Table 2 .
Microbiological reference standards (https://www.ceirsa.org/) for the category pasteurized cheese or submitted to heat treatment at a higher temperature, submitted to microbiological investigation.
Parameters
Ce 
Volatile Compounds Profile
The analyses of volatile compound (VOCs) were conducted by using the SPME coupled to GC/MS techniques according to previous research [31, 32] , quantitative analyses of selected VOCs were carried out by using the internal standard procedure and expressed as ng·g −1 .
Consumer Preference
The consumer acceptability of urban mozzarella cheese was evaluated amongst a group of 60 Italian consumers selected on the basis of their regular consumption of mozzarella cheese, as well as their sex and age (32 females and 28 males between the ages of 20 and 60). During each sensory session, mozzarella cheese was cut into small cubes of equal thickness (about 30 g) and served to the consumers at the same time. Two cubes per sample were presented to each consumer on white plastic plates, with pairs of cubes identified by 3-digit codes. Consumers were asked to evaluate the samples, assigning a numerical value between 1 (extremely dislike) and 9 (extremely like), based on overall acceptability and the acceptability of attributes that were selected as representative for the product: color, taste, and texture [33, 34] . Furthermore, consumers expressed their intention to purchase each mozzarella cheese sample by a "yes" or "no" answer. About 50 mL of water and non-salted crackers were provided to the consumers between different tasting sessions.
The six samples of mozzarella cheese were also compared with a sample of mozzarella cheese from industrial production amongst the most representative on the large retailer's reference market. The normalized version of the variable global preference was then used to estimate the consumer preference index, indicating the degree of consumer appreciation of the urban mozzarella samples. Statistical analyses of preference data were performed through one-way analysis of variance (ANOVA), with sensory parameters (preference and sensory descriptors) as effects. The significance of the effects was tested with F test, while means were compared with the Duncan test.
Results and Discussion
The following section summarizes the contents of the direct survey amongst the urban dairies in regard to process sustainability and the results of the analysis of the final product considering food safety and consumer preference.
Environmental Sustainability
One of the driving forces of the environmental sustainability of urban food production is the concept of a local food system, as demonstrated by several authors [35, 36] .
Environmental sustainability must be evaluated within a short chain, and one of the main variables is the distance from the production site. From our results, four of five cases are in agreement with the abovementioned; in fact, Table 3 shows that, in micro dairies no. 1, 2, 3, and 4, the distance from the production site is really valorized. 1  41  3  1  0  0  4  2  30  3  1  0  0  4  3  39  3  1  0  0  4  4  54  2  1  0  0  3  5  920  0  0  0  0  0 Moreover, in one case, the micro dairy received milk from a distance much greater than 250 km, thus generating high environmental impact in terms of greenhouse gas emissions due to the transportation phase, as highlighted by Coley et al. [37] . Moreover, with reference to the variable raw material, the survey revealed that, in one case, the on-site mozzarella production process starts from curd, instead of raw milk. Curd is an intermediate product of the mozzarella-making process, obtained by adding rennet to the milk to coagulate it. This means that the urban dairy is only in charge of the final steps of the process generally known as pasta filata, the operation of simultaneous stirring and heating of the curd, to obtain the typical mozzarella texture. In addition, all the dairies sampled present values equal to 0 for the organic variable, indicating that the milk used for production is never obtained through organic production methods.
This result is not particularly positive because, as stated by Grunert et al. [38] , considerations about health and about the way the product is produced, for example, by organic production methods or with regard to animal welfare, characterize the quality perception of today s consumers.
Similarly, in all the cases, the typical races variable presents a null value, thus suggesting that the valorization of traditional animal races is not considered a strategic asset for dairy producers.
Social Sustainability
The social dimension of urban food production is considered particularly relevant, since it presents an opportunity to provide urban citizens not only with fresh and nutritious food, but also the chance to increase cultural knowledge and social cohesion.
Nevertheless, considering the variables selected to estimate the extent to which mozzarella urban production is socially sustainable, results are highly skewed (Table 4 ). More specifically, the social index has a value of zero if the micro dairy does not propose a food experience nor a restaurant and does not communicate with the public through social media. The absence of any forms of concrete engagement with the urban community could raise the need to reconsider the real purposes of urban food production and the call for a more structured food policy model able to valorize those activities that really take care of the social dimension of sustainability. As a matter of fact, the on-site visits at the micro dairies confirmed the fact that the type of information provided to customers in many cases appeared to be barely effective, i.e., small board with an indication of milk origin. Only in one case, urban food production was properly valorized and communicated with the proposal to take part in the cheese-making process and taste the fresh product, thanks to the presence of a restaurant. In regard to the social sustainability index, our results are not fully in line with those described by Canfora et al. [39] ; the authors affirm that, in general, microenterprises have the promotion of biodiversity (i.e., products recognized as "local" by consumers) as their mission, and implementation of peri-urban agriculture produces positive effects on public goods, with overt environmental benefits. Moreover, Ilbery and Maye [40] found that the establishment of good personal relationships with customers is critically important, especially in buying specialty foods. The importance of relationships is also highlighted by Canavan et al. [41] , according to whom a close relationship with producers and an understanding of the production context is important for consumers.
For all of these reasons, the results obtained make it clear that interaction/connection between local producers and consumers needs to be increased and strengthened in the micro dairies analyzed. 
Economic Sustainability
Although the economic dimension of sustainability was described by a single variable-the market price of mozzarella cheese produced in urban micro dairies-this variable could provide substantial insights on a further weakness of the existing urban food production.
Notably, Table 5 outlines that the market prices proposed by urban dairies are considerably greater than the average market value of the same product produced by the conventional food industry. Indeed, the average delta price is roughly 240% higher, with a maximum value of 387%. Several factors related to the inner structure and management of industrial vs. small-scale production lead to consider a price premium for the latter product category, as obvious, in accordance with those reported by different authors [42, 43] . Nevertheless, on the one hand, the magnitude of the price difference appears to be in sharp contrast with a characteristic considered a milestone feature of urban food production, namely affordability and increased access to nutritious food. Although the enhancement of food safety is an issue in modern cities, data outline the risk that these innovative production systems could become part of the diet of high-income urban citizens only. However, on the other hand, studies [44] [45] [46] show that consumers like to buy local foods for a range of reasons, including environmental and health concerns, perception that local foods are high quality, the enjoyment of shopping at local outlets, and in order to support local farmers, economies, and communities.
Food Safety
The microbiological results are represented in Table 6 and show that Salmonella spp. and Listeria monocytogenes were absent in 25 g in all the samples in compliance to the EU Regulation No. 2073/2005. 1  3  3  2  3  3  3  17   2  3  3  3  3  3  3  18   3  3  3  3  3  3  3  18   4  3  3  3  3  3  3  18   5  3  3  3  3  2  3  17   Industrial  mozzarella  3  3  3  3  3  3  18 From this comparison, samples 3 and 4 appear satisfactory, with an optimal microbiological quality, while samples 1, 2, and 5 appear to be acceptable only for E. coli and Bacillus cereus parameters. Thus, results obtained highlighted, for some samples, the need for a more controlled food production chain, from raw materials to the final steps of the process, in accordance with Dias et al. [47] . Table 7 shows the output of the preference analysis amongst consumers. Results indicate that all the investigated parameters received mean values above five, except for sample no. 4, which had lower values for several parameters. However, data related to purchase intention show great differences amongst products, with values ranging from 33.3% to 68.3%. Even more interesting is the fact that the industrial product used as reference was, on average, the preferred one for all the descriptors, as well as for purchasing intention (76%). It must also be taken into account that the industrial product is more controlled for each parameter, and the final product turns out to be more homogeneous from a sensorial point of view, when compared to an artisanal product, which is affected by the handcrafted processing of the operators. Table 8 details the volatile compounds detected that are responsible for a defect or off-flavor for milk and derived products such as cheeses, when abundant. Aldehydes, together with ketones, were the major secondary products of autoxidation of unsaturated fatty acids. They are considered unstable and transitory compounds in cheese because these are reduced to alcohols or oxidized to corresponding acid. Moreover, alcohols as 3-methyl-1-butanol are associated with microbial fermentation phenomena. The sum of these volatile compounds could help to define the quality traits of cheese samples, especially if associated with microbiological and safety characteristics, as reported by Mauriello et al. [48] .
Consumer Preference

Determination of Volatile Compounds
Summary of Results
The normalization of all the indices provided the opportunity to simultaneously plot the results of the whole set of indices in a single map (Table 9 ). More specifically, for each dimension considered, the normalized index assumes the value of zero for the less sustainable case study, and the value of one for the most sustainable urban dairy. Results indicate, as shown in Figure 1 , that global sustainability is moderately low and unevenly distributed amongst the case studies considered. As for the food safety index, Figure 1 shows that it is the only indicator for which each case study assumes a value equal to or greater than 0.5. This indicates that, besides the degree of sustainability of this specific urban food chain, a satisfactory level of food safety is always assured.
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The normalization of all the indices provided the opportunity to simultaneously plot the results of the whole set of indices in a single map (Table 9 ). More specifically, for each dimension considered, the normalized index assumes the value of zero for the less sustainable case study, and the value of one for the most sustainable urban dairy. Results indicate, as shown in Figure 1 , that global sustainability is moderately low and unevenly distributed amongst the case studies considered. As for the food safety index, Figure 1 shows that it is the only indicator for which each case study assumes a value equal to or greater than 0.5. This indicates that, besides the degree of sustainability of this specific urban food chain, a satisfactory level of food safety is always assured. 
Conclusions
This research explored the components of urban food production by taking mozzarella cheese production in some micro dairies located in the Italian city of Milan as a case study. The aim was to propose a more global evaluation on the sustainability of this innovative phenomenon, considering a broader range of variables, including food safety and consumer preference.
The study showed that, although the drivers of urban food production have great potential, their concrete implementation presented many weaknesses and constraints. In detail, the study identified three main points, which deserve further attention. First, urban food production does not 
The study showed that, although the drivers of urban food production have great potential, their concrete implementation presented many weaknesses and constraints. In detail, the study identified three main points, which deserve further attention. First, urban food production does not automatically mean that the food produced is environmentally sustainable. Secondly, the economic dimension of sustainability is hampered by the high market price of urban-produced mozzarella and consequently suggests that this type of production must be considered a niche product for high-income consumers, rather than a real option for the average urban citizen. The third aspect is the fact that, regarding sensory parameters and intention to purchase, consumers always preferred the industrial mozzarella cheese used as reference, from 190% to 387% less expensive than the urban-produced ones.
Thus, it would appear that the reconnection between food producers and food consumers would not happen through the development of a specialty and niche market alone. Other aspects of the local food economy, notably the public procurement of local foods and cooperative/community food schemes, offer much greater potential for the development of food supply systems that are more economically, socially, and environmentally sustainable. In conclusion, this work suggests that the road to sustainable urban food systems needs to be implemented with appropriate actions of governance and food policies able to guide and support this transition, including educational measures and proper incentives for stakeholders. 
